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1 INTRODUCTION

1.1 Purpose

This documentthe first of a new annual product from the Colorado Basin River Forecast Center,
describes the forecasting activities, research, and improvements undertaken by the CBRFC over

the course of Water Year 2019. An overview of the climate and significant weather events and
patterns are presented t o preocasts, dith padiculart e xt r eg
emphasis on volumetric water supply forecasts and efforts to improve those forecasts, especially

in response to stakeholder needs.

The activities and results presented here are intended to be comprehensive, and some may be of
interest to a narrow range of stakeholders. As such, any omissions are inadvertent, but may be
incorporated into a future version of this document if the need arises.

1.2 Water Year 2019 Climate and Significant Weather Events

Water Year 2019 began with dry antecedent soil Soil Moisture - Fall - 2018 (Noverber 15)
moisture conditions that typically ranged betweer _ (Modeled, Averaged by Basin)
30% and 70% of average, including near recovd | | S A g

levels in the San Juan and Gunnison River Basin | ¥ U P giedlg
(Figurel). These dry conditions preseda » 150-200%
challenge for CBRFC forecasters, as model b p* \ 1001105
behavior ahistorically extreme parameters can be | § R - 0900
difficult to verify. Streamflow rates at United

States Geological Survey (USGS) sites at the

beginning of the water year indicated record low
flows at many sites within the Upper Colorado

50-70%
30-50%
0-30%

N
/s
EREECOCENENN

River Basin, providing physal evidence of low B
soil moisture conditions. Low soil moisture b
conditions often lead to reduced runoff efficiency @
and water supply forecasts that are initidilg., % Y

% Al
forecasts made early in the yehelow average. g W
In November, the mainstem of the Up@nlorado ’

River received above average precipitation and &&

below average temperatures were prevalent over :

most of the Upper Colorado River Basin. *
Snowpackaccumulabn in the Gunnison River .
Basinwas apparentNormal to below normal N
temperature conditionsersisted through March, | . L :
and precipitation was normal to slightly above N — ? o
normal throughout much of the Colorado River st ato Gy G mwenrrosagor

Basin in January.

Figure 1: Dry Fall Soil Moisture conditions were prevalent at the s
Beginning in February and continuing through mic" water year 2019

March, an active, persistent troughgure?2)

resulted in record precipitation over much of the Gunnison and San Juan River Bigsirs3].
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Figure2: From February through midlarch, an active weather pattern brous
record precipitation over the Gunnison and San Juan River Basins

Precipitation exceeded five times
the monthlyaverage in some
areas in Arizona
Day (February 14th), which
resulted in widespread flash
flooding over the state.

By April 1st, snow water
equivalent (SWE) values in the
headwaters of the Gunnison and
San Juan River Basins were at or
near historically high values.
Many other SWE valuess
measured by the SNOwpack
TELemetry (SNOTEL) network
were in the top 10 of the
historical record at each gage.
Temperatures remained below
average for much of the Upper
Colorado River Basin through
March, and modeled snowpack
in the Upper Colorado Rer

Basin was much above normal

heading into the April through July runoff period. In particular, much above normal snowpack
remained at low and mielevation zonesHigure4). During normal years, most low elevation
snowpack has melted prior to the start of the runoff seasodasdnot contribute to asonal

water supply volumes; however, a
significant contribution to water
supply volumes was made by
snowpack at lower elevationsiring
water year 2019

As the runoff season began, below
normal temperatures and active
weather patterns slowed snowmelt
rates, and forecasted water supply
volumes began to rise as snow
continued to accumulate in some
portions of the basin. In particular,
during the latter half of May, a deep
trough came through the Western
United Statesdropping
temperatures up to 20 degréetow
normal andprovidingadditional
precipitation Figure5). Monthly
May precipitation amountst
SNOTEL locations in Western

3 month Precipitation

January through March Record Precipitation

January 1, 2019 - March 31, 2019
Records (POR)
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Figure 3: Record amounts of precipitation were observed over tirenGon and San

A

Juan River Basins by the end of March
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Colorado were among the top 5 on record, and notable Snow Conditions - April 01 2019
increases in water supply forecasts were observed } iy

% Median SWE
>500%
300-500%
200-300%
150-200%
130-150%
110-130%
100-110%
90-100%
70-90%
50-70%
30-50%
0-30%

Substantial high elevation snowpack remained through ¢ .
due to continued cooler temperatures and snowpack
accumulation, prompting concerns that sudaled .
persistent warming could lead to widespread flooding. 4+
However, June was marked by a pattern of warming |
temperatures followed by cooling temperatures, which
created a pattern of multiple late season streamflow pea
(Figure6) and reduced widespread flood events. Portion
of the Yampa and Upp&olorado mainstem river basins ;,
received above average precipitation for the month; a sn
storm in Steamboat Springs, Colorado received national
media attention whemaroximately20 inches of snow fell
on thefirst day ofsummer (June 21kt

EREN0OCENENEN

Due to historically high precipitation amounts and

snowpack accumulation that continued through the Sprlrxs( 1
water supply volumes throughout the region were above g
normal. Observed unregulated inflow into Lake Powell %:.
was 10.4 million acréeet (MAF), or 1456 of average.

1.3 Water Supply Forecasting Challenges and

Verification e e o

Figure4: April 1st modeled snowpack was well abo'
The 2019 Water Year presented unique challenges to Wiaverage, even at low and mid elevation zones

supply forecasters due toetlextremely dry antecedent soil

moisture that gave way to historically wet conditions and persistent cool temperatures that
delayed snowmelt, particularly at lower elevations. Record setting precipitation events in
February, March, and May also contritdite lower skill in seasonal water supply forecasts.
Figure7 illustrates the spatial distribution of skill in January, April, and June water supply
forecasts ovethe Upper Colorado River Basin and Great Basin. Generally, forecast skill was

Daily Temperature Data - GRAND JUNCTION WALKER FIELD, CO
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Figure5: Cooler than normal temperatures were prevalent throughiviagt
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lower thanusual, primarily due to the large, late season precipitation events previously
discussed, in addition tthe factors that are discussed further in this section
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Figure 6: Temperatue fluctuations within the basin made for multiple peaking events throughout the Colorado River Bz

San Juan - Bluff, Nr (BFFU1) 2019/07/31:
Period: Apr-Jul, Observed Volume: 1820 kaf (165% Average, 191% Median) Max 1941- 3175.21
ESP is Unregulated and No Precipitation Forecast Included Min 2002: -61.16
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Figure 7: Dry soil moisture conditions drove low seasonal forecasts in January; by April, forecasts began to improve a:
of changing weather and climatenditions
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1.3.1 Historically Dry Soil Moisture Conditions

Streamflow overtte 2018 Water Year wagell below averageparticularly over the San Juan

River Basin where observed unregulated seasonal streamflow was only 12% of average. As a
result, historically dry soil moisture conditions were @lent in the region and extending

northward into the Gunnison River Basse€ previously mentiondedgurel). These record low

soil moisture levels ithe region resulted in January seasonal water supply forecasts that were

well below average. Initiavater supply forecasts for the San Juan River at Bluff, New Mexico

was only 50% of average. Despite the large soil moisture deficit, model guidancearvas n

average by March, and the observed seasonal volume was just outside the forecast bounds by the
April forecast Eigure8).

Figure 8: Forecast skill over the Upper Colorado River Basin improved as the year progressed; skill in January was lower thadusotonal
extreme weather events that delled in WY2019

1.3.2 Record Setting Precipitation Events

Record setting precipitation events in February, March, May, and June significantly contributed
to snowpack accumulation and regionater supply. These events ultimately resulted in
observed volumes that fell outside the bounds of early and late season water supply forecasts.
Because of the record setting nature of these events, it is justibabl@ot unexpectethat the
subsegant volumes of water fell above the 90th percentile (10% exceedestzabpity) of

CBRFC forecasts

A widespread precipitation event occurred on
impacting the Lower Colorado River Basin and Salt RR&sin. Record amounts of

precipitation were observed in Coconino County and the Salt River Basin, fldoerstages

were reached andater supply forecasts rose nearly 25% as a result of the &wgumitg9).

June is usually a relatively dry month over the Colorado River Basin; however, on June 21st,
record precipitation fell over the Yampa River Basin and the Upper Colorado River mainstem.
Snowpack aagmulation was apparent at high elevations and increased water supply projections








































































